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We find that there are two interrelated mechanisms by which a cline or other 25 phylogeographic pattern (hereafter, any population genetic discontinuity among different 26 3 geographic regions will simply be referred to as a cline) can persist in the coastal ocean in the 1 face of non-random dispersal of larvae. First, a spatial gradient in selection can be sufficient to 2 allow a cline to persist (Endler 1977 , Hare et al. 2005 ). We extend prior results by quantifying 3 the strength of the selection gradient needed to allow a cline to persist as a function of larval 4 characteristics and local oceanographic conditions. Secondly, alongshore variability in habitat 5 quality or larval transport can create a region that is recruit-limited, leading to increased local 6 reproductive success and population retention. By explicitly including spatial variability in 7 population dynamics in our model, we find that these regions can allow a cline to persist at lower 8 selection levels than in the absence of alongshore variation.
9
Our model allows earlier results of Nagylaki (1978) and others who studied systems with 10 biased directional dispersal to be applied to a coastal ocean without the a-priori demarcation of 11 the spatial extent of populations. Through analysis of the effect of population dynamics on the 12 retention of alleles one can discover how to define populations (demes) in such a system, identify empty habitat for the larvae to settle in (it is important to note that N larvae does not include density 4 dependent mortality effects caused by habitat scarcity at settlement, but incorporates mortality in 5 the larval pool, and mortality after settlement but before reproductive competency). The organism 6 is assumed to live in a coastal habitat narrow enough that its larvae can spread across the cross-7 shelf dimension of the habitat in a single generation, so that the habitat can be treated as one-8 dimensional. The habitat has a carrying capacity of H dens adults per meter. These and all other 9 parameters are defined in Table 1 .
10
Each larva is dispersed a variable distance downstream from its parent. The mean 11 dispersal distance is L adv , and the standard deviation of the dispersal distance is L diff (see Figure   12 1). For simple circulation and behavioral regimes, L adv is the distance the larvae are advected by 
23
where U is the alongshore flow averaged over the time the larvae are in the plankton. Not all 24 plankton will move the same distance, however, due to the random fluctuations in the currents 25 associated with eddies, fluctuating wind driven currents, and other sources of temporal variability 26 5 in the ocean currents. These fluctuations lead to spread in larval settlement locations, and the 1 standard deviation of the larval settlement position will be, from Siegel et al. (2003) , The Ephemeral Nature of a Cline between Neutral Alleles in a Uniform
13
Advective Environment.
14 To understand how a gradient in allele frequency can be maintained against a mean 15 current in an organism such as described above, we will first examine the behavior of such a 16 gradient between two neutral alleles in a spatially uniform coastal ocean with a spatially uniform 17 habitat. To do so, a population of the idealized organism described above is separated into two into an empty habitat -regardless of allelic composition -will persist and be retained in that area, 6
and will grow to populate that area, if 
11
In order to calculate N allele from the selection s, we assume that the population in the 
24
The remaining term of (5) 
10
The increase in the number of the selected allele can now be written 
11
This is the same criterion found for the validity of (3) in BP and references therein.
12
Thus for a cline to persist in a uniform environment in which the population is limited by 13 habitat scarcity, there must be a gradient in selection so that (10) 
2
In these regions of enhanced reproductive success, eqs. (4) and (3) can be satisfied.
3
Thus, upon their deaths, adults in the regions will usually be replaced with recruits that originated 4 in the same region. These areas are thus retention areas (BP), and alleles in these regions,
5
including any novel alleles that may arise in these regions, will tend to persist in these regions.
6
Thus we can treat these retention regions as populations, in the classical population genetic sense. 
Increased mean currents (U) and reduced variability in the currents (σ) will tend to increase the 1 selection needed to retain an allele, while a decreased time in plankton (T m ) will reduce the 2 selection needed to retain an allele. 
19
The present location and historical origin of a cline: Evidence suggests that the age of a cline 20 at a particular location can be much less than the age of the genetic differences that form the cline 21 (Felsenstein 1975 , Endler 1977 can now be made explicit. Nagylaki (1975) showed that an allele that was favored in a region 23 could be lost if there was a large amount of migration into that region from areas in which the 24 allele was not selected for. Nagylaki (1978) pointed out that it was easier to maintain an allele in 25 a deme which generated a net outflow of migrants than in one which was a sink for migrants, and allele frequency that arises will be swept downstream by the mean currents, and will not 8 contribute to the evolution of allelic diversity at that point. We can only discover the boundaries 9 between populations by considering the spatial structure of habitat and circulation. 
2
In these downstream regions, the substitution rate will not equal the mutation rate.
3
Mutants will arise at a rate proportional to the population size, but will on average be distributed 4 further downstream each generation; given enough mutants over large distances with large 5 population sizes, a stochastic equilibrium defined by mutation and upstream diversity will hold.
6
This would predict increased levels of allelic diversity in downstream 'sink' habitats (Wares et al. 
21
In such a population, harvesting could even encourage the formation of sub-populations, 
9
Parameters defined only in this appendix are not listed in table 1.
10
The number of copies of alleles which return to the retention region each lifetime will 
This is the classic result that the balance of immigration and selection is governed by the ratio of 22 selection s to the fractional migration rate m=N m /(N larvae P reten ) when s<<1. implies that the cline would not be maintained. Where it is greater, a cline can be maintained.
7
The abundance of the downstream allele increases as one moves farther downstream from the 8 retention zone, for selection will serve to increase the abundance of the allele as it is swept 9 downstream from the retention zone.
10
The derivation for (A3) above makes three approximations that limit its accuracy. First,
11
it assumes that there are none of the favored allele upstream of the variation in habitat or 12 circulation, so that all migrants from upstream contain the un-favored alleles. Second, it assumes 13 that P reten is equal to the carrying capacity of the habitat in the retention zone, while it must 
